Three recent articles (1, 2, 3) describe methods of heat control which seem unnecessarily complicated in view of the present technical development of control tubes in the radio industry. Those methods, just mentioned, use mechanical relays and have wiring schemes which, although not complicated to those acquainted with radio, are nevertheless too difficult for many people to construct. One of the simplest and most effective schemes involving the use of thyratron tubes and no mechanical relays was described by SCHWENK and NOBLE (4) in 1937. The scheme here described is a further simplification and adaptation of thyratron methods.
(WITH TWO FIGURES)
Three recent articles (1, 2, 3) describe methods of heat control which seem unnecessarily complicated in view of the present technical development of control tubes in the radio industry. Those methods, just mentioned, use mechanical relays and have wiring schemes which, although not complicated to those acquainted with radio, are nevertheless too difficult for many people to construct. One of the simplest and most effective schemes involving the use of thyratron tubes and no mechanical relays was described by SCHWENK and NOBLE (4) in 1937. The scheme here described is a further simplification and adaptation of thyratron methods.
Recently two well-controlled incubators were needed and were obtained by converting two old ovens that had long been around the laboratory unused. These ovens had been controlled by the usual mechanical thermostat and allowed a temperature variation of + 20 C. The conversion of the ovens to valuable incubators was done as follows:' A five-volt transformer was mounted on top of the oven with the primary connected to the 110-volt line and the secondary connected to the two large prongs of a four-prong socket as filament supply for the control tube. Then the two heavy wires (the 110-volt line for the heater) that had led to the mechanical thermostat were disconnected and one of them soldered to the two small prongs (cathode and shield grid) of the four-prong socket. The other wire was soldered to a clip to attach to the tip (anode) of the control ttbe. The tube is now wired with plate and filament voltage and all that remains is to connect to the new thermostat. Any type of thermostat can be used. For the ovens just mentioned, coiled bimetallic thermostats were taken out of ten-cent store thermonmeters. The thermostat was left mounted on the metallic dial of the thermometer, but the hand was broken off and a short shaft soldered in its plaee. An insulated contact was mounted so the free end of the thermostat could touch it. The thermostat was then mounted inside the oven with the shaft sticking through the top of the oven. An ordinary dial was attached to the shaft. Adjustment for any range is obtained by turning this dial which winds up or unwinds the bimetallic thermostat. The wiring is completed by attaching one contact of the thermostat directly to the control grid, while the other one is connected to the anode through a 10-megohm resistance.
Full-sized blue prints giviaig all details of construction are available for 25 cenits.
It takes about four hours to convert an oven, auid the chamber one obtains will maintaini temperature to + 0.10 C. as measured byr mercury thermometers and to ± 0.250 C. as measured by a recording potentiometer alnd thermocouple. To get these good values it is, of course, necessary to circulate the air with a small fan.
The tube used in this scheme is the Genieral Electric mercury vapor thyratron, F.G. 95, which carries 2.5 amperes at 1000 volts, but differs from the tube used by SCHWENK anid NOBLE (4) in that it has a 5-volt, 4.5-ampere filament and is designed to activate on extremely small grid currenits. The tube is so constructed that it will not fire until a plus charoe is put on the control grid. When the grid is connected to the anode by the way of the thermostat and grid leak as described above, the tube fires oni eaell plus evele of the A.C. current and the chamber heater is in action.
The tube maintains a delicate control of the heater, which is very desirable. When the thermostat, is well off balance, the tube activates strongly and the heater may draw its full amperace. On neariiio its balanee, however, the current drops sharply and hovers almost continuously around 0.05 to 0.1 amperes. The tube functionis as a variable resistance anid consequently the heater never gets hot and is never cold. This eliminates the "all-on," "all-off" condition which is always present in meehainieal relays. It likewise makes unnecessary the light-bulb shunt across the heater circuit which SCHWENK and NOBLE used. Measurements with a recorder anid a thermocouple showed the floor temperature is as constant as the air temperature being maintained, and is only 10 C. above it. This constaiit temiiperature of the heater under continuous load is the most important characteristic of this scheme of temperature control. It makes possible the construetion of chambers with little or no stratificationi even without mechaniical stirring. To do this one needs only to embed low-wattage heaters in the six walls of the chamber and connect them all in series with the control tube. The control is obvious at all times by the flicking of the tube, and its continuous glow when the full current is flowing.
It is often nlecessary in controlling temperature to activate the heater, the reverse of that above, with bimetallic thermostats. Thus, with mercury thermostats, one wants the heater to cut out when contact is miiade. This can be done very simply-with the scheme used here. In figures 1 and 2 , the solid lines show the wiring thus used with bimetallic thermostats. If one moves the thermostat from positioni A and places it in positioni B, that is, if it is moved from beinig in series between the anode ancd the coiitrol orid, and is placed in series between cathode and control grid, the tube activates while the thermostat is open but ceases to fire when it is closed. In making this change it will be noted that the 10-megohm leak remains in place between anode and grid while a 500,000-ohm gorid leak is added along with the thermostat between the grid and the cathode. When the thermostat is closed the grid is at the potential of the cathode anid the tube does not fire; when the thermostat is open, the grid is at the potential of the anode and the tube fires on each plus half of the cycle as before. One of us (5) has used the F.G. 95 as control tube in recording potentiometers since 1934, and found them very dependable. Although some of them have had more than three years continuous use, none has burned out in service. They are fragile and, therefore, frequently damaged in shipment. If, however, they function after being heated up a few times, they are undamaged and give no trouble subsequently. The total cost of material for converting an oven is less than $15.00; $12.00 for the tube, and $2.00 for the tranisformer.
The tube activates on from 1 to 1/10 microamperes, so nio appreciable currenit passes through the thermostat contacts. This small curreiit necessitates good insulation in the grid circuit for otherwise, leakages may activate the tube.
